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Introduction
Skin diseases constitute up to 40% of all notified occupational diseases (OD) in most European countries involving contact dermatitis, contact urticaria, and in some countries, skin cancer. 1 In general, national registries are often incomplete as a result of a high under-diagnosing and under-reporting. The average incidence rate of registered occupational contact dermatitis is around 0.5-1.9 cases per 1000 full-time workers per year, with a significant social and economic impact. 1 OSD assessment in European countries is not homogeneous, mainly because of differences between the health systems across countries. 2 It should be noted that OSD patients do not differ with regard to their disease across Europe. Hence, they should be treated and assessed in the same way, based on scientific evidence-based criteria. However, only few countries in Europe have hitherto established recommendations for the diagnosis and management of OSD. 3 To tackle this challenge, the COST Action TD 1206 "Development and Implementation of European Standards on Prevention of Occupational Skin Diseases (StanDerm)" was launched in 2013. Based on the identification of the differences on prevention and management of occupational dermatoses between European countries, 2 StanDerm aimed to develop common European standards. In this context, standards -a minimum acceptable benchmark-4 have been developed by consensus by applying the Delphi methodology [5] [6] [7] (Fig. 1) . A 95% consensus was obtained amongst 81 experts from 28 European countries, representing dermatologists, occupational physicians, health educators, and further experts in the field of OSD ( Fig. 1 ) (See Annex S1). This position paper provides a blueprint of how to deal with prevention and management of WRSD and OSD. We recommend the adoption of these standards, and make them available to all specialized physicians involved in occupational care, stakeholders, organizations and industry involved in preventing WRSD and OSD (http://standerm.eu/no_cache/standerm/stande rm.html).
Definition of work-related skin disease (WRSD) and OSD
A classical definition for occupational dermatoses was given in the 1930s by the American Medical Association considering "all dermatologic conditions where it can be demonstrated that the work is its fundamental cause or a contributing factor to it". 8, 9 In 1983, at the Xth Ibero-Latin American Congress of Dermatology, occupational dermatoses were defined as "any affection of the skin, mucous or skin adnexa directly or indirectly caused, conditioned, maintained or worsened by anything that is used in professional activity or exists in the work environment". 10 The main component in both definitions is that diseases are related directly or indirectly to work. So far, no international official agreement on the best reliable and applicable definition exists, but this would be most desirable. Such a definition would guarantee optimal health care for the worker based on medical criteria. Any economic or social consideration should be built over clinical criteria-based evidence.
The definition of occupational diseases (OD) in general and OSD in particular, is much more complex than it seems at first sight. Indeed, a definition of OSD could include medical criteria, consider legal, and even political, aspects. It is therefore important to decide what the definition is intended for.
Furthermore, "work-related disease" and "occupational disease" are differently defined. "Work-related diseases" (WRD) are defined as diseases, which have multiple causes, including factors of the work environment. WRD include diseases with solid scientific evidence concerning a possible occupational origin which may, however, not fulfil all given criteria for recognition of an OD according to the official list of ODs (see below 10, 11 ). Therefore, when making the diagnosis of an OD or WRD, it is necessary to establish a causal link between exposure to a risk factor and development of the disease, since definitions for both conditions are based on the notion of occupational risk. Moreover, definitions may be different according to the context (prevention or compensation). For prevention, the definition should be sufficiently broad and include a pure scientific (medical) approach. For compensation, the definition is used differently in each country in Europe: legal and political differences are apparent. 2 The World Health Organization (WHO) defines OD as "any disease contracted primarily as a result of an exposure to risk factors arising from work activity". [11] [12] [13] The International Labour Organization (ILO) defines the two main elements requirements of an OD as follows:
• the causal relationship between exposure in a specific working environment or work activity and a specific disease, and
• the fact that the disease occurs amongst a group of exposed persons with a frequency above the average morbidity of the rest of the population.
14 Most European countries have an ILO/EU recommendationbased list of ODs. 15 Only a few of them have an "open" list of ODs. All OD lists depend on the national legal system and on how the OD recognition process is formally implemented in the given country. Hence, European countries have different criteria to recognize and compensate ODs. Generally, criteria for recognition and compensation of an OD are the following: (i) the disease has to be listed in the official national list of OD, (ii) the occupational risk factor has to be present in the patient's job, and (iii) individual exposure to the occupational risk factor has to be proven. According to the ILO, the causal relationship is established based on clinical and pathological data, and epidemiological evidence. Moreover, both the occupational background and evaluation of occupational and non-occupational risk factors have to be considered. The recognition of a disease as being occupational is a specific example of clinical decisionmaking and application of evidence from clinical epidemiology.
Based on the ILO recommendation, the evaluation of occupational causation should take into consideration the following criteria: association, consistency, specificity, time course, biological dose effects, biological plausibility and coherence. 15 In addition, the formal definition of "cause" is also a legal matter. This position paper will only consider medical knowledge and not legal aspects.
Key message: Work-related as well as occupational diseases comprise entities/conditions with an occupational contribution. However, occupational diseases are additionally defined by diverging national legal definitions. These definitions have an impact on prevention, management and compensation.
Classification of WRSD and OSD
Skin diseases represent 10-40% of all recognized ODs in the EU. 16 Contact dermatitis accounts for 70-90% of all OSDs, and contact urticaria for <10-29% depending on the series. 17, 18 Recently, occupational UV-induced skin cancer has been recognized as an OD in some countries. 19 Other OSDs include folliculitis/acne, infections, neoplasia, hyperpigmentation, vascular disorders or vitiligo. In view of the above and corollary to a definition of WRSD and OSD, a classification of both entities in the ICD-11 revision remains necessary, especially from a clinical point of view, as it will help to establish a precise diagnosis. Moreover, a clear classification is mandatory when a medico-legal opinion (expert assessment) is required. The updated classification included in Table 1 will be useful for definition and classification purposes.
Key message: The implementation of the proposed ICD-11 classification of WRSD/OSD is recommended. It will enable a comprehensive identification of WRSD/ OSD and thereby valid surveillance.
Diagnosis of WRSD and OSD
Since contact dermatitis, contact urticaria and skin cancer are common WRSDs and OSDs, the correct aetiological diagnosis is a prerequisite for successful treatment and prevention. The diagnosis of a skin disease is based on the patient's history, physical examination and appropriate diagnostic tests (e.g. allergy testing, skin biopsy). This also holds true for any WRSD and OSD, including an accurate documentation of all work-related factors linked to the dermatoses. Correlation of skin lesions (clinical type, localization and development) and exposure to physical agents, chemicals or other potential hazards in the work environment and leisure time have to be taken into consideration by every clinician, knowing that for some agents the latency period to induce skin lesions varies 
Occupational irritant contact dermatitis
Irritant contact dermatitis due substantially to occupational exposure to irritant Irritant contact dermatitis due in part to occupational exposure to irritant
Occupational contact dermatitis
Occupational contact dermatitis of hands
Occupational contact urticaria
Occupational allergic contact urticaria
Occupational non-allergic contact urticaria
Exacerbation of constitutional dermatitis due to occupation
Exacerbation of constitutional dermatitis due to occupational exposure to contact allergens Exacerbation of constitutional dermatitis due to occupational exposure to skin irritants
Skin injury due to occupational exposure to corrosive substances
Chemical burn due to occupational skin contact with corrosive substance
Occupational phototoxic reactions to skin contact with exogenous photoactive agents
Occupational phototoxic reaction to skin contact with plant matter
Occupational phototoxic reaction to skin contact with tar or tar derivatives
Occupational acne and folliculitis
Occupational acne and folliculitis due to exposure to mineral oils Occupational acne and folliculitis due to exposure to pitch and tar
Occupational halogen acne

Cutaneous vascular disorders caused or exacerbated by occupation
Raynaud phenomenon caused or exacerbated by occupation
Hand or arm vibration syndrome
Occupationally-acquired dermatoses due to exposure to cold or heat
Occupationally-acquired dermatosis due to exposure to cold Occupationally-acquired dermatosis due to heat
Occupationally-acquired skin infections and infestations
Occupationally-acquired skin infection, classified elsewhere Occupationally-acquired parasitic skin infestation, classified elsewhere
Skin manifestations of work-related poisoning
Skin disorder resulting from occupational exposure to poison
Occupationally-acquired disorders of skin pigmentation
Occupational leukoderma Occupational melanosis
Miscellaneous occupationally-acquired skin disorders (minutes in contact urticaria, days in allergic contact dermatitis and years in skin cancer) and that there may be indirect effects, apart from direct skin exposure.
Occupational skin diseases are managed by different medical and paramedical disciplines, e.g. physicians, specialized nurses and occupational hygienists who help to assess the occupational relevance and implement preventive measures (see next section). Indeed, the minimum standards required for a correct diagnosis in the occupational setting should follow common standards of dermatology and occupational medicine.
Diagnosis of occupational contact dermatitis
The diagnosis of occupational contact dermatitis, the most frequent OSD, is based on a medical history and physical examination. Careful correlation of exposure with localization of skin lesions and their evolution is mandatory. The gold standard for diagnosing allergic contact dermatitis is epicutaneous patch testing, 20 complemented with prick testing in case of immediate symptoms. Differential diagnosis should also address irritant contact dermatitis by assessing in addition the exposure to irritants (see also section "workplace exposure assessment"). Concomitant exposure to contact allergens and irritants increases the risk of sensitization, emphasizing the need to identify irritant factors. 21 Relevant aspects of the specific occupational history are addressed in the next section on "work exposure assessment". The physical examination should include the entire skin and not only the sites presented by the patient. Affected anatomical sites should be documented carefully, with emphasis on primary locations, extent, severity and clinical characteristics. The evolution of the dermatitis in relation to the workplace, namely improvement during periods off work, and, conversely, in relation to leisure activities, has to be considered. Photographic documentation provided by the patients and by the attending physician is useful in documenting disease evolution. Skin allergy testing has to include epicutaneous patch testing according to the European Society of Contact Dermatitis (ESCD) guideline. 20 Patch testing (and further skin testing as required) is indicated in all cases with work-related relapsing or persisting (>3 months) contact dermatitis. Only trained and qualified specialists such as dermatologists, occupational physicians or allergologists should perform skin tests. 20 The diagnosis of contact urticaria or protein contact dermatitis requires, as diagnostic tool, cutaneous provocation tests for immediate reactions such as the prick test or the prick-by-prick test. 22 The clinical relevance of positive skin test reactions is assessed based on past and present exposures and contact eczema locations. 20 Positive reactions without current clinical relevance can be important in terms of pointing to former unknown exposures. If patch tests with strongly suspected working materials are negative, several aspects need reappraisal, namely possible changes in composition of working materials or inappropriately low concentrations of the allergens in the working materials, which have to be diluted for patch testing. 
Diagnosis of UV-related occupational skin cancer
In some European countries, actinic (solar) keratosis, squamous cell carcinoma (SCC), basal cell carcinoma (BCC) or melanoma can be recognized as OSD. 19 The diagnosis of UV-related skin cancer needs to follow the usual procedures of dermatological diagnosis, including a good clinical examination often complemented with dermoscopy, skin biopsy and dermato-pathology.
23,40
Assessment of occupational exposure
Workplace exposure assessment (WEA) is a prerequisite for making a correct diagnosis of WRSD/OSD and essential for effective treatment and prevention 3, 4, 24, 25 (Fig. 2) . The occupational history and assessment of occupational exposure, exploration of product labels and Material Safety Data Sheet (MSDS) will help establishing the occupational relevance of the cutaneous disease. A workplace visit is recommended, if possible, to correctly identify relevant exposure and perform a complete assessment. In more than 80% of cases with occupational allergic contact dermatitis WEA in terms of medical history, assessment of product labels and MSDS has been contributory to a correct diagnosis. 26, 27 The incompleteness of MSDS is a major challenge; occasionally not giving the full information about allergens and irritants in a product. 28 Errors and omissions in the MSDS have recently been suggested as the main reason for the delay in WEA. The most frequent shortcoming is "Missing H317" (labels for skin sensitizers) while a known contact allergen was present. 28 Often, the allergen is not listed because its concentration is under the mandatory labelling concentration, which is usually too high in relation to common elicitation threshold levels. Thus, if the composition of the implicated product still remains (partially) unknown or not fully known in the case of commercial products and complex mixtures, the manufacturer should be contacted to provide a detailed description of a product in question. Unfortunately, information by manufacturers or importers is voluntary and a legal basis is lacking to support full diagnostic work-up.
Some spot tests for detection of nickel, cobalt, chromium, and formaldehyde release are available. 20 Conducting a workplace visit is a challenge as in many countries there is no legal basis of who is going to perform a workplace visit and how it has to be performed. 26, 27, 29, 30 Currently, and to the best of our knowledge, there are no guidelines published in English addressing the issue of WEA in the diagnosis of work-related skin diseases. Consequently, minimum requirements for WEA as part of the diagnostic process for OSD/WRSD are proposed in Table 2 .
When conducting a WEA, a checklist covering the most frequent occupational and non-occupational exposures will help deciding on work-relatedness of a skin disease as presented in Table 3 .
Key message 1: Workplace exposure assessment is an essential part of the assessment and management of patients with WRSD/OSD. Key message 2: Minimum requirements for workplace exposure assessment in diagnosis of WRSD/OSD include worker's medical and occupational history, physical examination and product labels/material safety data sheets assessment.
Key message 3:
Full labelling of product ingredients should be made mandatory on MSDS in Europe. [31] [32] [33] [34] [35] [36] In many countries, OSD rank in the upper third of the notified diseases in official registries. Yet, registries are usually incomplete because cases are under-diagnosed, misdiagnosed, under-reported, or ignored by patients and/or physicians. [37] [38] [39] [40] [41] Given that prognosis is correlated with prolonged skin symptoms and severity, early intervention after notification should be mandatory. 42, 43 The German "Dermatologist's procedure" may serve as a model on how to identify early work-related skin problems and prevent psychological and socio-economic consequences. 44 Upon suspicion of a WRSD, namely after having notified the case by using the "Dermatologist's report", dermatologists are able to conduct diagnostic and therapeutic procedures on behalf of, and at the expenses of, the statutory accident insurance. Moreover, the insurance provider at the workplaces, including training in skin care and protection measures, implements secondary prevention measures. Severe OSD cases are admitted to a 3-week inpatient medical rehabilitation. 44 An additional financial incentive for physicians for early reporting has been created, which significantly helped reducing under-reporting and undertreatment. These preventive efforts have led to a dramatic reduction of costs for medical care, retraining and compensation, 44, 45 and to a reduction in job losses due to OSDs in Germany.
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Key message 1: Current registries are usually incomplete. Accurate and complete reporting is important for monitoring and effective allocation of resources.
Key message 2:
Reporting procedures should be transparent, simple and easily accessible to provide optimal care for affected workers. They contribute to preventing chronic and relapsing disease courses.
Key message 3:
The investment in reporting systems offers a substantial reduction of cost related to medical care, retraining and compensation.
Treatment of WRSD/OSD with a focus on chronic hand dermatitis (CHD) and work-related skin cancer (WRSC)
Treatment of WRSD/OSD does not, in principle, differ from the same non work-related dermatosis. The treatment of chronic hand dermatitis, the most common WRSD, has been systematically reviewed on the basis of an ESCD guideline. 47 For treatment of WRSC or Occupational Skin Cancer (OSC) -mainly due to exposure to UVA and UVB radiation -common national and international guidelines should be applied.
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Key message 1: The therapeutic treatment of workrelated chronic hand dermatitis and skin cancers does not differ from the corresponding non work-related dermatosis. In addition, avoidance of the trigger factors as e.g. skin contact with irritants and allergens or sun exposure at the workplace, by technical and/or organizational measures is essential.
Key message 2:
The use of available guidelines for treatment of chronic hand dermatitis and non-melanoma skin cancers is recommended.
Prevention strategies for WRSD and OSD with a focus on chronic hand dermatitis and work-related skin cancer
Primary prevention
Primary prevention strategies are implemented to avoid WRSD and decrease OSD incidence. This is achieved through a risk management process based on proper risk assessment.
52 Such a process should be reviewed and updated regularly.
Occupational risk assessment, a crucial step in the prevention process, 53 is based on hazard identification and measurement of exposure to substances and physical agents at the workplace and on risk classification to define the most appropriate preventive actions. Strategies focus on human, technical and organizational prevention measures as well as on avoidance/limitation of exposure to allergic substances or irritants at the workplace according to legislation, on regular training of the use of personal protective measures, adapted to the needs of the employees (Fig. 2) . In addition to legislation, continuous surveillance is needed to identify new work-related risks e.g. by occupational dermatoses case reports or sufficiently detailed registries. 54 
Secondary prevention
Secondary prevention measures are implemented to detect and treat early stages of the disease, to prevent relapses or chronicity, to induce behavioural change, train employees to protect their skin properly, and change hazardous workplace situations.
Tertiary prevention
Tertiary prevention measures offer medical and occupational rehabilitation to employees suffering from established WRSD, who are at risk of losing their job or even had to give up their job because of the disease. All return to work measures, including compensation of WRSD, aim at promoting the social rehabilitation and quality of life of the workers.
Prevention strategies
Chronic Hand Dermatitis (CHD) Prevention strategies used in the prevention of occupational hand dermatitis follow a common hierarchy (Table 4 ) of recommendations in work safety, and are supplemented with specific OSD prevention strategies for risk occupations. 44, 47, Prevention strategies aimed at reducing allergen exposure at the workplace have been successful in reducing chromate sensitization in building trades and glyceryl monothioglycolate sensitization in hairdressers, as well as contact urticaria to latex protein in health care workers. [78] [79] [80] These successful interventions should guide future prevention strategies in Europe, and target other occupational allergens causing occupational allergic contact dermatitis most frequently, such as rubber accelerators, epoxy resins and preservatives. 79, [81] [82] [83] [84] Intervention studies in the primary and secondary prevention of occupational irritant hand dermatitis have been conducted over the last decades. However, especially for primary prevention, the actual benefit of each measure, when used singly or in combination under real conditions at the workplace, is still À Alcohol hand rubs, or À Hand washing with lukewarm water, rinsing the liquid soap thoroughly, and drying hands carefully with single use paper towels.
Protective gloves (powder-free):
À Should be worn on dry and clean hands for wet work and work with hazardous substances for as short a time as possible; À Cotton glove liners should be used if gloves have to be worn longer than 10 min.; À Single use glove should be worn only once; À Defect gloves must be removed immediately.
Moisturizers:
À Should be used to prevent and support the treatment of irritant hand dermatitis; À Should be applied all over the hands including the finger webs, fingertips and back of the hand; À Should not contain fragrances, colouring agents and preservatives. [89] [90] [91] [92] [93] Sunglasses for occupational use must fulfil the requirements of DIN EN 172. Appropriate clothing is long-sleeved shirts and trousers from light-proof fabrics (cotton wool or synthetic fibres) with UPF 50 at least in the shoulder area. Appropriate headgears are broadbrimmed helmets or broad-brimmed hats supplied with sun shields and neck guard. The standard safety helmet provides no sufficient sun protection for the face, ears and neck. Sunscreens must be applied on all uncovered skin areas. Appropriate sunscreens must contain very high, broad-spectrum, photostable filters for both UVB and UVA (SPF 50 + , UVA-PF > 1/3 SPF). They must be easy to apply and sweat resistant and, finally, should not irritate the eyes and the skin. 87, [94] [95] [96] [97] Educational programs* Health and safety information should be implemented in the curriculum of vocational schools and provided regularly at the workplaces. In secondary and tertiary prevention occupation specific skin protection workshops and individual counselling are helpful for behaviour change and implementation of good hand care regimes 87, 94, 95, 97 Access to experts Dermatologists, occupational physicians, or other specialists trained in WRSD/OSD should be available for pre-employment and preschool examination and counselling of high-risk groups for WRSD/OSD development, as well as for employees for early diagnosis and treatment to prevent chronicity.
*Minimal requirements for the prevention of work-related/occupational hand dermatitis and skin cancer.
unclear. 47, 60, [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] For tertiary prevention strategies, the "Osnabr€ uck model" in Germany might serve as a blueprint for the development of strategies in other European countries. 72, 77 UV-related Occupational Skin Cancer (OSC) Focusing on UVrelated OSC, a recent meta-analyses has shown that occupational UV exposure to natural sunlight is a significant risk factor for SCC, 85 and to a lesser extent also for BCC. 86 To prevent skin tumours caused by occupational UV exposure, a significant reduction of occupationally acquired UV dosages in outdoor workers is mandatory. Relevant factors influencing cumulative or intermittent sun exposure in outdoor workers are technical and organizational prevention measures, the amount of UV exposure, the specific tasks to be performed in the sun, as well as the UV protection habits of the workers. Besides adequate behaviour, textile protection by headgear and clothing as well as the regular use of sunscreens (SPF 50+) and sun glasses are important. 87, 88 Table 4 summarizes the measures for the prevention of chronic hand dermatitis and occupational skin cancer.
Unmet needs in prevention, diagnosis and treatment of occupational and work-related skin diseases in Europe
There are still several unmet needs related to the standards presented in this position paper. The essential areas listed below have to be urgently addressed to achieve a standardized prevention of WRSD and OSD in Europe.
Research
• Achieve and use a common case definition of occupational contact dermatitis.
• Assess true epidemiology of OSD (occupational contact dermatitis and work-related skin cancer, respectively) in population-based studies at European level.
• Evaluate data on current and proposed work safety measures.
• Identify and undertake more intervention studies for good practice examples.
• Identify and review existing workplace interventions, and perform intervention studies to generate good practice examples.
Knowledge transfer
• Include OSD-related topics in the (national) curricula and continuing medical education of dermatologists and occupational physicians.
• Educate general practitioners to include occupational history into the case history.
• Raise awareness of general practitioners concerning referral of patients with suspected work-related skin disease to specialist care to reduce under-diagnosis.
• Increase communication between the different stakeholders (dermatologists, occupational physicians, general practitioners, employers, workers, insurances).
• Establish prevention programs and support the implementation of minimum protection standards at national level (e.g. standardization of safety measures).
Legal action/socio-political approach
At the legal and socio-political level, the following areas need to be tackled:
• Implementation of a (EU wide) legal basis for mandatory information to physicians etc. by manufacturers/importers of products
• Ideally, full labelling of ingredients of products independently of concentration to improve completeness and accuracy of information in MSDS
• Tackle under-diagnosing and under-reporting • Establish incentives for reporting system and adequate diagnosis of occupational skin disease 
Conclusion
While prevention of WRSD and OSD has been identified as a top-priority problem at the EU level, there are still only scattered efforts in some countries to improve the situation. There is no coordinated action involving all stakeholders at national and international level. The timely implementation of minimum common standards for prevention of WRSD/OSD as proposed by StanDerm with this position paper would significantly contribute to reduce the economic burden caused by loss of productivity and help reduce the needless suffering of so many affected workers.
